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Real Time Self Adaptable Web Services to the Context: Case Study and Perfor-
mance Evaluation

ABSTACT: Web services are a solution for the integration of distributed information systems, autonomous and in real time,
heterogeneous and auto adaptable to the context. These impact can resolve many problems in different system based on SOA and
Web services. In this paper, we are interested in defining an approach to provide the different needs of a self-adaptability of Web
services to context based on workflow and present its performance through an evaluation study, define the real time goal in our
approach and showing the feasibility of this approach in an e-healthcare study.
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1. Introduction

Web systems based-on ubiquitous computing [32] must meet some specific constraints surrounding self-adaptation to the context in
real time in the systems based on SOA and Web services. Computing applications now operate in a variety of new settings; for
example, embedded in cars or wearable devices. They use information about their context to respond and adapt to changes in the
computing environment. They are, in short, increasingly context aware. Considerable approaches related to adaptability with different
modes of implementation such as: Aspect Oriented Programming [15]. This aspect used by various platforms on the goal to adapt the
Web service [35] to the context dynamic changes of environment. Web services, like any other middleware technologies, aim to
provide mechanisms to bridge heterogeneous platforms, allowing data to flow across various programs. The Web services technology
looks very similar to what most middleware technologies looks like. The emergence of Web services as a model for integrating
heterogeneous Web information has opened up new possibilities of interaction and adaptability to context when offered more
potential for interoperability. However, from a set of requirements on SOA (Service Oriented Architecture) [7], and to provide self
adaptation to the context of Web services, we need to integrate more generic connector that takes into account all ambient or distant
events in real time.

The SOA offer great flexibility that is a great ability to functional and technical changes. Moreover, this type of architecture is most
often used as Web services support, which provide the flexibility and interoperability expected, that is the ability to
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communicate between heterogeneous systems. The application in such information systems that incorporate SOA need to
communicate across the exchange software (middleware or platforms). These middleware are the source of our work. It is on
them that will think the same expectations in terms of flexibility, interoperability and adaptability.

The rest of this paper is organized as follows: In Section 2, we review previous research on adaptability of Web services, context
awareness and real time impact in their approach. In section 3 we present our approach for a self adaptability of Web services to
the context in the real time and the context awareness meta-model for them. In Section 4 we illustrate our solution by feasibility
in ambulance trajectory case study. Finally, we summarize our work and discuss future research in Section 5.

2. Related Works

Best fitted technology for implementing service-oriented architectures (SOA) offering flexibility and interoperability is Web
services. Web services provide a minimalist mechanism to interconnect different applications. But one fundamental point is the
importance of the WSDL [36] being the exact interface of the system. WSDL is responsible for the message payload, itself
described with the equally famous protocol SOAP (Object Access Protocol) [25], while data structures are explained by XML
(eXtended Markup Language) [37]. Very often, WS are stored in UDDI (Universal Description Discovery and Integration) [29]
registry.

The context awareness [18][19][20] of such applications is the subject of a recent field of studies in pervasive computing called:
context-aware systems. In [21][22], authors define context-awareness as the ability of a program or device to sense or capture
various states of its environment and itself. Referring to these latter definitions a context-aware application must have the ability
to capture the necessary contextual entities from its environment, use them to adapt its behavior (real time environment) and
finally present available services to the user. In [13], the authors introduce another definition in which they insist on the use of
context and the relevance of context information. The authors consider a system is context-aware if it uses context to provide
relevant information and/or services to the user, where relevance depends on the user’s task. In [8], the authors considered
context is any information that can be used to characterize the situation of an entity. An entity is a person, place, or object that
is considered relevant to the interaction between a user and an application, including the user and applications themselves. The
authors give a general definition that can be used in a wide range of context-aware applications. In [33], the author approves this
definition and claims that it covers all proposed works in context. However he considers it as a general definition that does not
limit a context. We stress that the notion of hierarchy (structure) of context introduced by [33] is important. The definition
proposed in [6] also presents the context as hierarchically organized. In this work the authors differentiate between environmental
information that determines the behavior of mobile applications and that which is relevant to the application. They thus define
the context as the set of environmental states and settings that either determines an application’s behavior or in which an
application event occurs and is interesting to the user.

Many approaches treat the adaptability of SOA in joining with Web services, to context. Charfi and al. approach [5] propose a
framework that provides support for middleware BPEL (Business Process Execution Language) [4] engines. The authors apply
the concepts of deployment descriptor and container for the Web service composition. Ferraz Tomaz and al. approach [11]
proposed a tool for weaving aspects for a simple adaptability of the Web services, implementing aspects of the services as
loosely coupled, where aspects are woven dynamically. In this approach, aspects are themselves Web services, thus they are
independent of languages and platforms. Ben Hmida M. Et al., approach [2] extended the solution proposed by [11] to specify
BPEL processes adaptable, that is to say, the adaptability of complex services. Hence the need to extend the semantic aspects
and Web services, which resulted in the ASW (Aspect Service Weaver). Aspects are themselves loosely coupled Web services,
they are independent of languages and platforms, but, this approach has limitations.

Adaptation to context is not taken into account, that is to say, if an event occurred during a search on a Web service, this
approach does not take into account this event. In the other approaches we find those based on context adaptation [12][3][1][23].
The ambient computing encourages the proliferation of associated devices. We cited WComp approach [26][27][28] which
represents the implementation of experimental models for lightweight components for service composition SLCA (Service
Lightweight Component Architecture) which enables the design of ambient computing applications by assembling software
components, orchestrating access to services through infrastructure devices from ambient. WComp supports protocols such
as UPnP (Universal Plug and Play) [30] and Web services, allowing components through the proxy to interact with them. To
promote adaptation to context WComp uses Aspect Assembly (AA) paradigm. Aspect Assemblies can either be selected by a
user or fired by a context adaptation process.
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Several approaches have investigated the impact of real-time SOA. In [17], the approach supports the ability to publish and
search prescriptive and descriptive metadata of services. The prescriptive metadata is the descriptive and domain-specific
information about the functionality of a service. For instance, prescriptive metadata of a geospatial service could be the
capabilities file describing the geospatial data presented by that service. The descriptive metadata, i.e. quality of service
attributes, into discovery process. The geospatial data being provided by a geospatial service may be fitted with client’s
request, however, this does not necessarily guarantee whether the service is sufficient for the desired quality of service
requirements. RTSOA approach [27], presents a software infrastructure for industrial automation based on SOA for easing the
problem of identification, discovery and communications among networked components, to allow for the configuration of the
system at run-time. In [16], authors carried out a demonstration project under iLAND [14] based on SOA to show the feasibility
of challenge such when using real-time operating systems and networks. they used a Relatively easy video streaming Application
That highlights the fast reconfiguration capabilities of the middleware iLAND.

In our research work [9][10], we presented a proposal to a self-adaptable SOA to the context based on workflow [34] by
presenting the functional and technical architecture of our approach. In this architecture we have given different features in
terms of the needs of self-adaptability offered by the integration of workflow, which allows the management rules [24] and a kind
of security and administration of Web services. This solution which can offer management rules that deal with business logic.
Business logic can help in the development and optimization of these assemblies separating the events produced by the
components of Web services.

3. Real Time Impact in Web Services Self-Adaptable to the Context

3.1 System Architecture
In figure (Figure 1) we presented our research results for a self adaptability of service oriented architecture to the context. This
architecture is based on workflow when we can use the management’s rules and when we aid to treat external and internal events
in the context. Web services are a sometimes block not change as an access provider, which is why we integrate this rules in Web
services block to change the behavior of Web services at an event to finally determine good self adapt these web services and
then the SOA to the context. These management rules also provide us with real-time processing. The impact of real time
treatment is during extractions new needs and events not processed by Web services through well to technologies dedicated
in the context.

Figure 1. SOA self-adaptable to the context
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Our architecture is based on objects or components to make the dynamic reconfiguration of components using more advanced
mechanisms. It qualifies the distribution of applications across multiple servers and not the increase in service levels. There is
a distributed architecture whose purpose is to deliver services to their audience and they will be accessible from any types of
clients. Security and administration are offered by this system in treating the business logic from the workflow and rules.

Contextual resource discovery is the use of context data to discover other resources within the same context. The invocation of
distant and ambient services is also permitted by this architecture using technologies dedicated to each type of invocation.

3.2 Feasibility
We opted to show the feasibility of our approach by the integration in a platform allowing the processing of Web services and
workflow based on SOA. Technical architecture shown in Figure 2, allows the structuring of technical capabilities and infrastructure
in our new approach WComp. In this architecture, except for the different needs initially used by WComp (service invocation
ambient and remote data orchestration ...), we integrated connector’s rules engine that communicates with a workflow engine in
framework .NET. In this rules engine we need to define the rules that manage the data flow to finally produce events providing
services to the customer.

The information shall be provided from a component that specifies the service to send it to another component by assembling
them in a container through the language of Aspect of Assembly.

Figure 2. Technical architecture SOA_Workflow

4.3 A Healthcare Case Study

4.3.1 Scenario System

Figure.3 present our case studies for pervasive e-healthcare system. This architecture represents the different tools and
components necessary for the conduct of monitoring and supervision between a doctor in his office and the room where they
are many devices to monitoring.

Our system is based on a workflow; this workflow can test a request from a doctor by a rules engine that will transform the
requests in the form of rules. A middleware is required to detect and manage devices “Healthcare Devices” distance in an
ambient or distant space based on real time events. This middleware can also give and automatically generate Web services that
represent different functionality to handle this device and host under a registry “Healthcare Services”. This register is used by
our application to invoke Web services dedicated and necessary for monitoring of device detected. The information for each
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device is provided by the middleware stored in a database for subsequent needs management.

Our solution helps doctors and health workers to not force them to move patients to make inquiries or analyzes of selected
devices installed within the patient in real time. Our approach also minimizes the time cost analysis, preparation, resolution f
some disease in a short time.

Under WComp we have integrated a rule engine that can provide management rules that deal with business logic. The rules
engine can communicate with a workflow engine, which helps optimize and evolution of these assemblies separating the events
produced by the components defined in an application WComp. Our system uses UPnP technology for detecting and handling
equipment through the network.

4.3.2 Modeling
Figure 3.  A E-Healthcare monitoring system

Figure 4. Healthcare model using context meta model
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By using the meta model of context, Figure 4 represent the model of our solution to help doctors and health workers to not force
them to move patients to make inquiries or analyzes of selected devices installed within the patient. Our approach also minimizes
the time cost analysis, preparation, resolution of some sickness or disease (temperature, heart rate, blood pressure ect…) in a
short time.

4.3.3 Implementation

Figure 5. Pervasive E-Healthcare System Interface

Figure 5 shows the user interface of our application. Through a network access to a room where it is installed equipments for
patient care, the user can choose a service controlled by clicking one of the buttons “Heart rate”, “Blood pressure” or
“Temperature”. In this interface we presented an example of real time service by displaying on a screen the heart rate away from
a device installed in a patient without the need to move near patient or to device for view these frequencies. These results are
obtained through the use of Web services generated by the UPnP technology in our system.

5. Performance Evaluation

To show the performance of our approach, we summarize our studies on platforms adaptability by performance evaluation
between our approach and other approaches based on needs of self adaptability to the context presented in Table 1.

In this evaluation we can approved some assets of our approach. These assets are:

- Decentralization and reconfiguration: Our architecture is based on objects or components to make the dynamic reconfiguration
of components using more advanced mechanisms. He describes the distribution of applications across multiple servers and not
the increase in service levels. It is a distributed architecture whose purpose is to provide services to the public and will be
accessible from all types of customers.

- Event and Communication management: The events sent by the external environment are self adapted to the context. This
architecture must include an inference engine, which specifies the behavior of applications in a given context and uses the event
execution-condition stock model. Communication management is based on events that are created dynamically during system
operation. Analysis of the communication is based on the modeling of communication events in composite services for
surrounding areas.

- Weaving and generation: weaving is the process that takes as input a set of aspects and a database application, and issues a
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Table 1. Performance Evaluation

request whose behavior and structure are extended by aspects. The code generation correspond the component sets, the

manipulation of graphic representation and generation in the application executable. Weaving can occur when compiling, the
loading time or execution.

- Workflow and policy management: The workflow engine can then connect to the engine rules and “know” what option to take
over a process. The rules engine also allows users to expose simple interfaces to generate these rules.

- Composition and flow orchestration: enables the design of ambient computing applications by assembling software components,
orchestration and service access by the devices of the ambient infrastructure.

- Security and Administration: Offered by this system in the treatment of business logic and workflow rules.

- Discovery: Discovery of contextual resources is the use of context data to discover other resources in the same context.

- Invocation of ambient and remote services: Invoking remote and ambient services is also authorized by this architecture using
technologies for each type of call.

6. Conclusion

In this paper we presented a performance evaluation of our approach for a self adaptability of real time SOA to context. We
presented the generic meta-model used in any area of application. We have shown in this paper the interest of self adaptability
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of Web services in SOA since it often involves multiple heterogeneous systems well as the real time impact in Web systems
based on workflow. Real time impact can help us deal with the demands of Web services at any time and taking into account the
internal and external events related to context which gives a self adaptability of SOA. We have shown the feasibility of this idea
and through modeling and implementation of e-healthcare case study.
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